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TECHNICAL MEMORANDUM X- 61619

SATURN COMPONENT FA ILURE RATES
AND FAILURE RATE MODIFIERS

INTRODUCTION

The purpose of this handhook s o provide design, test, velinbility, and
gystems ongincors with up-to~dato fallure rato Information on moechanienl and
oleatromochanical components, This document, unlike most othors of ite kind,
providos not only tho faflure rates for nmimerous compononts but also the faflure

modes, failure modoe froquoney ratios, and environmental ndjusiment factors
for cach typo of componont.,

The information in this handbook s hased ont roly on data from the
saturn Program, 'The data wore obtainod from qualification and roliability
test roports and frowm Unsatisfactory Condition Reports (UCR's) that ave
associated with components (flight hardwa re) used in tho Saturn Program,
‘The components were analyzed in groups or familics to provide hotter results
with the statistical mothods cemployed, and because the amount of data on an
individual component was, in many cases, insufficient to permit a meaningful
analysis, For the purpose of the analyses and interpretation of the information
presented herein, a componont fa mily is a grouping of components by functional
namo. For example, the component family check valve Is made up of check

valves of various types including poppet spring-loaded valves, ball-seat valves,
and flapper-type valvos.

The following ground rules were established and followed in generating
the information presented herein:

i, Only data on Saturn flight hardware (ground support equipment not
included) were used.

2. Data on all components of a given component family were used
regardless of part number.

3.  Ouly data from tests involving nonstringent environments, i.e.,
"bench' tests, were ried in the failure rate calculations,

4. It is assumed that the failure nmode frequency ratios are constant
over the environmental ranges shown,

— ——




DESCRIPTION OF VARIABLES AND METHODOLOGY

Failure Rate

The fnilure rate is tho oxpectod numher of ilap.s per e af tive
operational eyeles. T is hpsod on data from togis condieted o, o noi=sEriyrent
anvironment, Loeo, laboentory eavironient which in devonl ol almoemal e -
ton, excessive pressure, and hiph or low tomperatire,  Mhin enablen the do-
termdnation of s meaningfl "hasie fmilure rate which appestiimates the sonepie
or nherent filure eate for ench component Family,

(AR N

i

The fadhnre vates prosonted i this hindbook ae the v o (L D0eper
cont confidonee tevel, They wore ealenlated nedngy the followhge foemnlg

\,2
) R O T,
"00% 9T

wherao A‘m% 18 the failure rate ab Y0=porcont confidence,

9
2
X (0.1, 2r +2) is the chi-square value corres onding (o 90«pereond
1 ! l
confidence and 21 + 2 degreoes of freedom,

i is the number of failures, and
T is the total time (total cyeles was substituted for total time
when a failure rate in terms of failures per eyele was more practical) .

Failure Mode Frequency Ratio

The failure mode frequency ratio or alpha factor (@) i the expected
proportion of the total failures associated with a component which can be
charged to a specific failure mode. In mathematical terms, the alpha factor is
the ratio of the failures nssocinted with a specific filure mode to the total num-
ber of failures in all modes as shown below:

Number of failures in o specific mode
Total number of failures in all modes

This factor is used as a failure vate modifier Lo AsBign a certain
pereentage (o fimes 100) of the wotal component iaiture vace to L particuiar
wor example, the hasic filure eate of ghe Lemperntire ransducoer

Luilure mode,
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colaponent faviily is 0,000050 failures per hone and thoe Fathnre made Feeguency
ratio aspociated with the Fiituree maode "open' is 0056, Pherolore, the Inilare
e ol this component Tamily wihon conpidering anly failuves Ly the mode "open!!

i 0, 000204 failnros per hour (0,50 thmes 0, 000450 Liila ros per howey,

The failurve mades and Giliee maode Fregueney ration for e conponeny

Fumdbici shown b ds handbanl voee dotorinined thiough an enpinooving aanly-
vite ol the component failuren voportod o bnsaticlactory Condition Lopo e,

(e, Apjprroima o Sh oo O R roepoviing fallares on the vaeboo slapen
Ol the Sacura 10 and Vovehiclos wore sereonod in thin anndyelr,

.

Lnvironmental Adjustinent Factor

A environmental sdjustnont, Thetor G Faetor) 1o filuee eade modiflop
Fhe hasie Tnibave pake o o componend s multipliod hy o 18 et

orcorresnonding
o i priven envivormoental atvese level (o, an elevi ol Lemperatuee) to doter-
mine o filure ente for e camponent when it in subjectod o the fiven enviropne
wental strens level,

The miajor sonreos

of data for the determination of the onvironmenta
adjustment foctors wore gualification and reliability fest reporte. The reports
were veviewed and the data for sueh tests s vibeation., hipgh and Tow tesper -
tre, and Hle evele were estenetod,

Such variables as time, evelos, nunmbop
of Tuilures, numbor of items testod,

and test conditions were noted and (abulated .
on i lorm specilicaly desioned for this task, '
The tabulated data for eneh sot of environmental test conditions were
stutistically analysed., The method of analyzis involved caleulating failure rates
ar fdo=percent confidence for the various environmental levels using the total .
tme and number of fuilures nssociated with each level., The following lormula
was used for this purpose:
NN
Agom, = o
|
whore AS)()"/Z» is the fajlure rate at 90 -percent confidence, ‘
y
v ,y 18 the chi-square value correr ponding to 90-percent
(0.1, 2r+2) B ) .
confidence and 2r + 2 degrees of freedom,
roois the nwaber of failures, and
T i the wtal time (total eyeles was substituted for total time when n
Lailure rate in terms of failures per cyele was more practical),
3
P P " a— 2 i
P I N - >




The caleulated fajlure rates and tholr corresponding environmental
vicianle wore then plotted graphically, A line of "host rit” wus tled to the
dnta polnts using the teehnigne of ropression anulysis,

Fovironmental adjustmoent fnctors (K) werse then deteriined vsing
(1) the fallure rato based on date abtatned from tasting cotduetod at ambiont
conditionn, (2) fallure ratos at various onvirenmantal lovols tkon from the
Jadl, vate at ony, lovel
amblent fdlure ruto
The i viluos ot various lovols of the onvironmont woere then tabulated, normal-
fzod to oo at ambiont conditlons, and plotted graphienlly for presentation and
ongineoring ute,

confibiveted graphs, und (3) tho relationshlp K

oo the geaphs 16 i nocossary only (o reloct the cnvirommentut loyel
(0upe s tomperature) fov which o K fctor 1s dealyod, Noxt, the selected fom-
perature 8 found on tho horlzoutal axis and the vertieal Hne representing thal
temperature ie followed until the corve (8 reached, The hopizontal Tne inter-
seeting the curvo and vortical temperatuee Wne at the polot 18 then followed (o
the left marging, whorve the K value ean be found. The K value s used to modity
the hasle failure rate of a component by multiplying K timos the basie failurve
rate, which vesults in the component fallurve rate ut tho selected temperature,
o oxample, the expected falluve rate of o pressiure rasdueer when aperated
at 200° 1 Is 0, 019062 [allures per hour, which is the basic failure rate for the
pressure transducer component family, 0,009534 failures per hour, times the
K factor, 2, corresponding to 200° B,

COMPONENT FAILURE INFORMATION

This scetion contains the failure rates, fa''ve modes, failure mode
frequency ratios, and environmental adjustment factors for various Saturn
component families. Spin-off information such as cause of failure and compe -

nent deficiencies is also presented since it provides valuable facts to be consid-
ered in the application and the analysis of the components,

The information in this section is prescnted alphabetically according to
the generic name of the component, ¢.g., transducer, pressure; valve, check.

e




Failure Mode Frequency Ratios,
Environmental Adjustment Factors,
And Failure Rate For Accelerometers

I,  Failure Mode Frequency Ratios (a); [>

w No, of failurcs speeific mode
Total fallures all modoes ‘
Failure Mode Alpha Factor (@)
Erratic Output 0,293
High Output 0.257
Low Output - 0,239
No Output 0.211

II, Environmental Adjustment Factors (K): @ ]

- Xailure rate at env. level ‘
Ambient failure rate ) {

Figure 1 shows the accelerometer failure rate adjustment factor (K’I‘) for

temperature. 1

HOI. Failure ratc at 90-Percent Confidence (Ag 0%): @
}\90%= 0.000560 failures per hour. b

D Based on 109 accelerometer failures extracted from 25 000 Saturn
UCR's.

@ Based on Saturn test data from 27 qualificatioq and reliability test
reports.

b Based on 3 failures in 11 925 operational hours in tests at ambient
conditions.

NOTE: approximately 4 percent of the accelerometer failures reported J
on UCR's were associated with contamination which appeared as damping fluid
and foreign materials such as microscopic metallic particles.

2
1}
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Approximately 27 percent of the accelorometoer failures reporied on
UCR's weve damage~type failures attributablc in most cases o human ervor,
The damage-~type failures wore manifested as hent and hroken ping, pincheed
leads, broken plugs and connoctors, broken insulation wid shiclds, poor
solder comnectors, and reversed polarity,
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Failure Mode Frequency Ratios,
Environmental Adjustment Factors,
And Failure Rate For Accumulators
I, Failure Mode Frequency Ratios (o) (>

No, of failures specific made

/

Total failures all modes '
Failure Mode Alpha Factor (@)
ixtornal Leakage 0.608
Internal Leakage 0,392

. Eavironmental Adjustment Factors (K): @

K = Failure rate at v, level
Ambient failure rate *

Figure 2 shows the accumulator failure rate adjustment factor (KT) for
temperature.

JII. Failure Rate at 90-Percent Confidence (7\9 % ) b
AQ o= 0 0014 failures per hour. ‘ D

D Based on 23 accumulator failures extracted from 25 000 Saturn
UCR's.

b Based on Saturn test data from 19 qualification and reliability test
reports.

b Based on no failures in 1612 operational hours in tests at ambient
conditions.

NOTE: Approxin itely 8 percent of the accumulator failures reported
on UCR's were associated with contamination which appeared as minute foreign
particles.

Approximately 31 percent of the accumulator failures reported on UCR's
were damage-type failures attributable in most cases to human error. The
damage-type failures were manifested as cracked and split seals, spiralled,
fractured and split O-rings, and a broken accumulator charging valve stem,

m g = o DR
v - . . . 4 >
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Failure Mode Frequency Ratios,
Environmental Adjustment Factors,
And Failure Rate For Hydraulic And Pneumatic Actuators

L. Failure Mode Frequency Ratios () &

No. of failures specific mode
Total failures all modes

o =

Failure Mode Alpha Factor ()

Fxternal Leakage 0.470
Failure to Give Proper

Position Indication Signal 0,376
Failure to Achieve Correct

Position 0.135
Internal Lieakage 0.019

II. Environmental Adjustment Factor (K): An environmental adjust-
ment factor for temperature and for vihration could not be calculated because
of a lack of sufficient data for other than the ambient-temperature test environ-
ment,

II. Failure Rate at 90-Percent Confidence (7&90%): [>

= - r < i i ‘o
)\90% 0.0000522 failures per hour b

D Based n 104 hydraulic and pneumatic actuator failures extrac-
ted from 25 000 Saturn UCR's.

D Based on Saturn test data from 54 qualification and reliability
test reports.

b Based on two failures in 101 774 operational hours in tests at
ambient conditions.

NOTE: Approximately 7 percent of the hydraulic and pneumatic actuator
failures reported on UCR's werc associated with contamination which was evi-
denced by the presence of silt particles, sawdust, paint, and moisture.

Approximately 35 percent of the hydraulic and pneumatic actuator
failures reported on UCR's were damage-type failures attributable in most
cases to human error. The damage-type failures appeared as nicks, gouges,
cuts, scratches and dents.

10




Failure Mode Frequency Ratios,
Environmental Adjustment Factors,
And Failure Rate For Flectrical Connectors

I, FPailure Mode Frequency Ratios () [>

No, of fajlures speeific modo

o -

Total failures all modes '

Ioajlure Mode Alpha Iactor ()
Loss of Continuity 0,648
Floctrical Shopt 0,000
Fluctuating Resistance 0,009
Improper it 0,077

Low Output 0,077

II.  Environmental Adjustment Factors (KE): b

- _ Failure rate at env. level
E  Ambient failure rate ’

Figurc 3 shows the eleetrical connector failure rate adjustment factor (KT) for

temperature, Figurc 4 shows the electrical connector failure rate adjustment
factor (Kv) for vibration.

OI.  PFailure Rate at 90~Percent Confidence (7\9 0% ) @
Agqw, = 0.001422 failures per hour. b
90%

D Based on 91 electrical connector failures extracted from 25 000
Saturn UCR's,

[> Based on Saturn test data from 3¢ qualification and reliability

test reports.
[} Based on 2 failures in 3744 operational hours in tests at ambient
conditions.

NOTE: Approximately 7 percent of the clectrical connector failures

reported on UCR's were associated with contamination whizh appeared as
corrosion, potting compound, and moisture,

11




Approximately 63 percent of the electrical connector failures reported
on UCR's were damage-type failures attributable in most cases to human error,
The damage-~type failures were manifosted as cuts, tears, and scratches,

12
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Failure Mode Frequency Ratios,
Environmental Adjustment Factors,
And Failure Rate For Quick Disconnects

; I, Fallure Moade Frequeney Ratios (o) ﬁ)
"a;‘.j' 3
- . No, of failuven speeifle mode
Total Mniluroes all modes ’
® Failure Modo Alpha Enetor ()
’ | Fallure to Contatn Fluld 0,517
e Fallure to Choek Flow 0,407
. o Paflure to Comoct 0,042
ol Foflure (o Disconneet (014
° ! I, Environmontal Adjustment Factors (K): |2

. Fadlure rate at env, lovel
Ambient failure rate '

e Figure 5 shows the quick disconnect failure rate adjustment factoy (K, ) for
R }" L l\

temperature,

IIT, Failure Rate at 90-Percent Confidence (A(m% ): )

)\‘900/0 =(,000790 fuilurces per hour, @

[> Based on 69 quick disconnect failures extracted from 25 000 Saturn
UCR's.

E\ Based on Saturn test data from 99 qualification and relinbility test
reports.

[ﬁ) Based on one failure in 4924 operational hours in tests at ambient
conditions.

NOTE: Approximately 29 percent of the quick disconneet failures ‘ J
, ’ reported on UCR's were associated with contumination which was evidenced by ’ )
L . the prescnce of dust, walnut shell grit, corrosion, and paint chips.

IR Approximately 25 percent of the quick disconncet failures reported on
SIS R UCR's were damage-type failures attributable in most cases to human crror.
T B The damage-type failures appeared e scratches, cuts, gouges, and cracks.
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Fallure Mode Frequency Ratios,
Environmental Adjustment Factors,
And Failure Rate For Mechanical Filters

Failure Mode Froguoncy Ratios () [>

o - Do, of fnjlures spotific moda
~ Total fajlures all modes

Fallure Modo Alpha_Tactor (o)
Iixtornal Lioakago 0.6
Low Flow Rato 0,364

t

Gnvironmoental Adjustmont Tactors (1{].‘): P\;.
f] =

< Fajlure rate at eny, lovel
i Ambient failuve rate

Figure 6 shows the mochanieal filter failure rato adjustment factor (]{,I,) lor

temperature.

III,

>
>
[>

Failure Rate at 90=-Percent Confidence (A()o%): [>
[¥ /

A = 0,000936 failures per hour. l\i\)

90% ~

Based on 19 mechanical filter failures extracted from 25 000
Saturn UCR's,

Based on Saturn test data from 64 qualification and reliability
test reports.,

Based on 3 failures in 7119 operational hours in tests at ambient
conditions,

NOTE: Approximately 23 percent of the mechanical filter failures re-
ported on UCR's were associated with contamination which appeared as saal
material, metal filings, and otker foreign mattor. -

Approximatoly 29 percent of tho mechanieal filter failures reported on
UCR's were damage=type failures, attributable in most cases to human error,
The damage-type failures were manifested as cuts, abrasions, depressions,

and bends.

16
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Failure Mode Frequency Ratios,
Environmental Adjustment Factors,
And Failure Rate For Pumps
I. TFailure Mode Frequency Ratios (a); D
o = Na, _of failures spocific mode

"~ Total fallures all modes

Failure Mode Alpha Factor (o)
External Leakago 0,469
Improper Output 0.297
Failure to Operate 0.157
Improper Pump Output Signal 0.070
Internal Leakage 0.007

II, Environmental Adjustment Factors (K): b *

K = Failure rate at env, level .
Ambient failure rate ! {

Figure 7 shows the pump failure rate adjustment factor (KT) for temperaturo,

and Figure 8 shows the pump faflure rate adjustment factor (KV) for vibration. 3
II. Failure Rate at 90-Percent Confidence (}\9 O%): @
= g ts i $l .
7\90% 0.000398 failures per hour (>

Based on Saturn test data from 61 qualification and reliability tost
reports.

@ Based on 4 failures in 20 060 operational hours in tests at ambient
conditions.

g Based on 115 pump failures extracted from 25 000 Saturn UCR's.

LA % o NOTE: Approximately 15 percent of the pump failures reported on UCR's
0 were associated with contamination which appeared as walnut shell grit, rust
particles, metal slivers, and moisturc.,

) o__ Approximately 18 percent of the pump failures reported on UCR's were
Yo - B damage-type failures attributable in most cases to human error, The damage-
Y type failures were manifested as gouges, nicks, dents, and scratches.
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Failure Mode Frequency Ratios,
Environmental Adjustment Factors,
And Failure Rate For Pressure Regulators

I. Failure Mode Frequency Ratios (a): b

.. No, of failures speecific made

Total failures all modes ¢
Fajlure Mode Alpha Factor (@)
Rogulates High 0.672
Rogulates Low 0.250
External Leakage 0.078

II. Environmental Adjustment Factors (K): @

- Lailure rate at env. level
Ambient failure rate *

Figure 9 shows the pressure regulator failure rate adjustment factor (KT) for

temperature, and Figure 10 shows the pressure regulator failure rate adjust-
ment factor (Kv) for vibration.

III. Failure Rate at 90-Percent Confidence (Ag 0%): b
)‘90% = 0,001000 failures per hour. b

D Based on 64 pressure regulator failures extracted from 25 000
Saturn UCR's.

b Based on Saturn test data from 64 qualification and reliability test
reports.

b Based on no failures in 2301 operational hours in tests at ambient
conditions.

NOTE: Approximately 23 percent of the pressure regulator failures
reported on UCR's were associated with contamination which was cvidenced by
the presence of lubricants, corrosion, metallic particles, and moisture.

20




Approximately 16 percent of the pressure regulator failures reported on
UCR's were damage-type faflures attributable in most cases to human error,
The damage-type failures appeared as hent connector ping, broken flanges, and

nicks, scratches, and gouges on poppets, seats, pistons, and other regulator
componoents,
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Failure Mode Frequency Ratios,
Environmental Adjustment Factors,
And Failure Rate For Electrical Relays

Failure Mode Frequency Ratios (o) @

_ No. of failures specific mode
~ Total fatlures all modos

Failure Modo Alpha Factor (@)

Intermittent Oporation Je a6
(contact chattor)

Failure to Oporate 0.24

(no response, failure to open,
failure to close)
Improper Responso 0,20
(premature contact actuation
or deactuation, delayed
contact response)

Environmental Adjustment Factors (KE): @

_ Failure rate at env. level

KE " Ambient failure rate

Figure 11 shows the electrical relay failure rate adjustment factor (K ) for

temperature.
III. Failure Rate at 90~Percent Confidence (Ago%): [>
Ayos = 0+000014 failures per hour. @

24

\VAVAY

Based on 91 electrical relay failures extracted from 25 000 Saturn
UCR's and 142 component test reports.

Based on Saturn test data from 142 qualification and reliability
test reports.

Based on 51 failures in 4 166 106 operational hours in tests at
ambient conditions.

. e o am
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NOTE: Approximately 3 poreent of the oleetrical relay failares report-
ad on UCTY'e were agsoelated with contamination which appoared as foreign
material on cleetrieal contacts, Approximately 8 percont of the olectrical
relay failures reported on UCR's were damage~-type failures, attributahle in
Mmost casos to human crror, 'The damage~type failures wore manifestod ns
abrasiona, dents and cuts, Approximntely 40 percont of the cloetrienl relay
faflures ocenrvod during contact hounco tests, The cause of thege failures
wis not stated,
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Failure Mode Frequency Ratios,
Environmental Adjustment Factors,
: And Failure Rate For Liquid Level Sensors
L. Fuilure Mode Frogueney Ratlos (). (>-

o . AL SR A 4,5

Totul Fiilnees ol modogs !

Lariluve Mogde Alpha Faetor ()

Iheoi e Ehal 0, G70
N ( k)t .00
Preematire Indleation O.019

e Pavivommenisl Adjnstment. 'aetopu (I8): D

- Kailure rate ot ony, levol
N e .
Anhiont hilure rate

Figure 12 shows the Lquid tevel sonsor adlurs pate adjustment factor (

l\’l‘) lop
tempe rature.,

1. Failure Rate at Y0=-Percent Confidence (/\“ 0% )

[
}\)”m = 0,000840 failures por hour, D
by 1n
4
Based on 53 liquid level sensor failures extracted from 25 ooo
Saturn UCR's,
2> Based on Saturn test datu from 25 qualification and reliability test
reports.,
32> Based on 7 fuilures in 14 601 operational hours in tests at ambient
conditions,
' NOTE: Approximately 7 porcent of the liquid level sensor [ailures
reported on UCR's were associated with contamination which appeared as |
moisture and foreign particles, ,
Approximately 11 pereent of the liquid level sensor fallures reported on
N UCI's were damage-type [ailures attributable in most cases to human crror. '
. The damage-type [ailures were manifested as pouges, nicks, dents, scratches,
o - and breakage.
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Failure Mode Frequency Ratios,
Environmental Adjustment Factors,
And Failure Rate For Electrical Switches

I.  Failure Mode Frequency Ratios (a): [>

v = No, of failures specific mode

Total failures all modes *
Failure Mode Alpha Factor (@)
Erroncous Output 0.51
Failurc to Operate 0.49

II. Environmental Adjustment FFactors (Kp): @

1
K. = Failure rate at env. level 1

E ~ Ambient failure rate )

Figure 13 shows the electrical switch failure rate adjustment factor (KT) for : (.

temperature. Figure 14 shows the electrical switch failure rate adjustment
factor (KV) for vibration.

I, 'Fallure Rate at 90-Percent Confidence (7\9 0% ): @
?»9 0% 0.001092 failures per hour, b

(1> Based on 53 electrical switch failures extracted from 25 000

Saturn UCR's and 136 component test reports.
@ Based on Saturn test data from 136 qualification and reliability
@ tests reports.

Based on 52 failures in 57 250 operational hours in tests at ambient
conditions.

NOTE: Approximately 5 percent of the electrical switch failures
rerorted on UCR's were associated with contamination which appeared as cor-
rosjon, metallic particles, and other foreign matter,

" e A -

29




Approximately 13 porcent of the electrical switch Failures reported on
UCR's were damage-type failures attributable in most cages to human ervor.
Tho damage~type failures were manifosted ns sevatches, abrasions, and hent
or hroken parts,

P
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Failure Mode Frequency Ratios,
Environmental Adjustment Factors,
And Failure Rate For Pressure Switches

I. Tailure Mode Frequency Ratios () D

.. No, of failures spocific mode
Total failures all modes

Pajlure Mode Alpha Factor (o)
Failure to Actuate 0,635
Premature Actuation 0.129
Failure to Deactuato 0.118
Extornal Leakage 0.086

Premature Deactuation 0,032

II. Environmental Adjustment Factors (K): b ]

_ Tailure rate at env, level ‘
Ambient failure rate * 1

Figure 15 shows the pressure switch failure rate adjustment factor (KT) for

temperature, and Figure 16 shows the pressure switch failure rate adjustment 1
factor (KV) for vibration.

III. Failure Rate at 90-Percent Confidence (\9 0%): b

Agnor = 0.000022 failures per cycle. b

90%

D Based ou 93 pressure switch failures extracted from 25 000 Saturn
UCR's.

@ Based on Saturn test data from 63 qualification and reliability test
reports.

b Based on 1 failure in 177 950 operational cycles in tests at ambient
conditions.

— e e -

: NOTE: Approximately 18 percent of the pressure switch failures
2N SR reported on UCR's were associated with contamination which appeared as
corrosion, sand, solder balls, metal slivers, ahd moisture.

reryiet iy
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Approximately 16 percent of the pressure switch failur
UCR's wore damage-type failures attributable in most
The damage-type failures were manifested as dents,
damaged diaphragms,

es reported on
cases to human orror,
hent connector pins, and
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Failure Mode Frequency Ratios,
Environmental Adjustment Factors,
And Failure Rate For Pressure Transducers

, I, Pailure Moda Frequency Ratios (o) b
No. of failures specific maode
. Total failures all modes '
Fatlure Mode Alpha_Inetor (o)
Low Output Voltage 0,371
) Below Tolerance 0,218
) No Output 0,163
High Output Voltage 0,334
Frratic Ontput Voltage 0,265
Leakage 0,031

II. Environmental Adjustment Factors (K): 9

- .. Failure rate at cnv, level t
Ambient failure rate *

Figure 17shows the pressure transducer failure rate adjustment factor (K'[‘) 4
for temperature.

III. Failure Rate at 90-Percent Confidence (2\90‘,,): b

0

A

90% > 0+009531 failure per hour. @

Based on 615 pressure transducer failures extracted from 25 000
Saturn UCR's.

Based on Saturn test data from 47 qualification and reliability test

. reports.
o Based on 6 failures in 1105 hours of operation in tests at ambient
~ conditions.

NOTE: Approximately 18 percent of the 938 pressurc transducer
failures extracted from UCR's were damage~type [ailures, caused in most
ingtances by human crror. The most prevalent of the damage-type [ailures were
T damaged pins, damaged insulation, and damaged seals.

35




Approximately 4 percent of the failures were caused hy contamination

in the form of metal particles, walnut grit dust, moisture, and undeterminahble
deposits,

36
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Failure Mode Frequency Ratios,
Environmental Adjustment Factors,
And Failure Rate For Temperature Transducers

I, Failure Mado Frequeney Ratios ( ) E)

No._of failures_specific made

(v .
Total nilures oll modos
Fallure Mode Alpha IPnetor (o)
Mpon (e H6
Shoet 0,18
Feratic 0,16
Hipgh Temperature Reading 007
Low ‘Temperatare Reading 040l

IL. Envibronmental Adjustment Facto rs (K): r")

K - Failure rate at env,. level
Ambiont failure rate )

Figure 18 shows the temperature transducer failure rato adjustment fuctor (K,
for temperature, and Figure 19 shows the temperature Cransducer failure rate

adjustment factor (KV) for random vibration.

Ol Failure Rate at 90-Percent Confidence ()\‘n o)t D
Ay = 0.000480 failures per hour, [>
90% :

@ Based on 850 temperature transducer (nilurcs extracted from
25 000 Saturn UCR's,

b Based on Saturn test data from 53 qualification test reports.

> Based on 0 failures in 4798 hours of operation in tests at ambient
conditions,

NOTE: Approximately 25 percent of the 350 temperature transducer
failures extracted from UCR's were caused by human error. A majority of the

human errors were due to improper handling, which was manilested as open
clreuit failures.

38
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Approximately 18 pereent of the filures were
protective covers on the temperature teansducers
conneetors on the motal -sheathed eahlos.,

wsed hy lack of
and/or the use of Improper

Approximately 8 percent of the [ilures wore ¢

aused hy vondor and
) imanatacturing ervors,
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Failure Mode Frequency Ratios,
Environmental Adjustment Factors,
And Failure Rate For Check Valves

I, Failure Mode Frequency Ratlos (@) @

o = Jo, of fallwres specific mode

" Total failures all modes

Failure Mode Alpha Factor (a)
Failure to Close 0.807
R External Leakage 0.067
v Fajlure tc Remain Open 0.055
5 Failure to Open 0.041
Failure to Remain Closed 0.026 ]
Unassigned 0.004 {

I, Environmental Adjustment Factors (K): b

g - Lailure rate at env, level
Ambient failure rate *

Figure 20 shows the check valve failure rate adjustment factor (KT) for tem- 4
perature. 1

III. Failure Rate at 90-Percent Confidence (7\9 0%): @
Ayo7,~ O+ 000021 failures per cycle. D

D Based on 213 check valve failures extracted from Saturn UCR's and
57 failures extracted from Saturn qualification and reliability test
reports.

b Based on Saturn test data from 55 qualification and reliability test
reports,

D Based on 1 failure in 186 495 operational cycles at ambient ' !
conditions, /

_____



NOTE: Approximately 35 percent of the chock valve failures reported
on UCR's were caused by (1) rough surfaceson the poppet guide and shaft,
(2) galling or peenlng of the seat and poppet caused by valve chatter

, and
(3) embrittlement of the poppet seal.

Approximately 22 percent of the check valve failures reported on UCR's

were caused by contamination (excessive lubricant, metal particles, corrosion) ,

e
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Failure Mode Frequency Ratios,
Environmental Adjustment Factors,
And Failure Rate For Shutoff Valves

I, TFailure Mode Frequeacy Ratios () D

o= No, of failures specific modo .
Total failures all modes
Tajlure Mode Alpha Factor (a)
Failure to Close 0.467
External Leakage 0.172
Position Indicator No Signal 0.145
Position Indicator Erroncous
Signal 0.101
Failure to Open 0.075 :
Failure to Remain Open 0.022
Failure to Remain Closed 0.018
II. Environmental Adjustment Factors (K): b ?
K = Failure rate at env, level .
~ Ambient failure rate |

Figure 21 shows the shutoff valve failure rate adjustment factor (KT) for

temperature and Figure 22 shows the shutoff valve failure rate adjustment
factor (KV) for vibration.

III. Failure Rate at 90-Percent Confidence (7\9 0%): b

A

90% 0.000033 failures per cycle. b

[> Based on 227 shutoff valve failures cxtracted from 25 000 Saturn
UCR's,
Based on Saturn test data from 62 qualification and reliability test J
reports.
Based on 7 failures in 353 170 operational cycles in tests at ambient
conditions.




NOTE: Twenty percent of the shutoff valve failures roported on UCR's
werce damage-type failures attributable, in most cases, to human crror. ‘The
most prevalent causes of the damage-type failurcs were sc ratches, nicks, and
r gouges on the valve flanges.

Approximately 12 percent of the shutoff valve failurcs reported on UCR's

were cuused by contaminatisn such as metallic particles, corrosion, moisture,
ote,
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Failure Mode Frequency Ratios,
. Environmental Adjustment Factors,
h And Failure Rate For Solenoid Valves

I.  TFailure Mode Iroquency Ratios (o) D

, . No, of failures specific mode
Total failures all modes

Fallure Mode

Alpha Fuctor (o)

Failure to Clogo 0,695
Iixternal Leakago 0.122
Failuce to Open 0,070
Position Indicator Erroncous
Signal 0,001
Position Indicator No Signal 0,026 4
Fajilure to Remain Closed 0,026

il Environmental Adjustment Factors (K): @

Failurc rate at env. level
= _-—_-——_-—-—— »
Ambient failure rate

Figure 3 shows the solenoid valve failure rate adjustment factor (K

temperature, and Figure 24 shows the sole
factor (KV) for random vibration.

T) for ‘
noid valve failure rate adjustment

II. Failure Rate at 90-Percent Confidence (A 9 0%): @

A90%= 0+000008 failures per cycle D

Based on 115 solenoid valve failur
UCR!s,

Based on Saturn test data from 65 qualification
reports.

Based on 5 failures in 1 173 785 operation
ambient conditions.

¢s extracted from 25 000 Saturn

and reliability test

V V'V

1
{
i
|
al cycles in tests at !
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NOTE: Approximately 25 porcent of the solenoid valve failures reported
on UCR's wero associated with contamination which appeared as corrosion,
frrease, motal partieles, and moisturo,

Approximately 21 percent of the solenoid valve failnres voported on
UCR's were damage-type fallures attributahlo In most eases to human eevor,
The danmage-type fnilures wore manifosted as evacks, nicks, abrasions, and

seratehes,
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Failure Mode Frequency Ratios,
Environmental Adjustment Factors,
And Failure Rate For Vent And Relief Valves
I.  TFailure Mode Froquoney Ratios (@) [1\/

.. No, of failures spocific mode
Total failures all mades

I'nilure Modo Alpha Factorp ((\3
Failure to Close 0,631
Position Indicator No Signal 0,156
. Failure to Open 0.150
Failuro to Remain Closed 0.056
& Position Indicator &rroncous
i Signal 0.050 ¢
S External Loakage : 0.044 ‘
i Failurc to Remain Open 0.013
II. Environmental Adjustment Factors (K): (2 ?

K = Failure rate at env, level
~ Ambient failure rate

Figure 25 shows the vent and velief valve failure rate adjustment factor (KT)

for temperature and Figure 26 shows the vent and relief valve failure rate
adjustment fact . p (KV) for vibration.

III. Failure Rate at 90~-Percent Confidence ()»9 0% ) b
7\90%= 06.000009 failures per cycle @

Based on 160 vent and relief valve failures extracted from 25 000
Saturn UCR's,

Based on Saturn test data from 98 qualification and reliability j
test reports,

Based on 3 failures in 695 329 operational cycles in tests at

ambient conditions, '

\VAVAY




NOTE: Approximately 24 percent of the vont and rvelief valve failures
reported on UCR's were associated with contamination which appearoed as
corrosion, oil, RP-{ [uel, metal particles, and moisture.

Approximately 16 percent of the vent and relief valve friluves reported
on UCR's were damage-type failures attributable in most cases to human orror,

The damage~type fnilures were manifosted as gouges, nicks, abhrasions, and
scratches,
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